Anal fissure (AF) is one of the most common anorectal problems. The severity of the disease, the chronicity of the pathological process and frequent complications lead to a sharp deterioration in the quality of life of patients. An important place in the treatment of anal fissure is occupied by drugs that affect its key mechanism of pathogenesis, namely, reduce the muscle tone of the internal anal sphincter and have anti-inflammatory, analgesic, and reparative properties.
Introduction
Anal fissure (AF) is one of the most common anorectal problems [1, 2] . According to various authors, the proportion of patients with AF in the structure of colorectal disease is from 8.5 to 16.0 %, women suffer from 1.5 to 2.0 times more often than men [3] . The disease dramatically worsens the quality of life of patients, makes them conflict and annoying, negatively affects the general and psychological state [4, 5] . Pharmacology, Toxicology and Pharmaceutical Science
The pathological process with acute and chronic AF is characterized by a set of typical symptoms (inflammation, pain, microcirculatory vascular disorders and dysfunction of the sphincter apparatus) that develop simultaneously. One of the most important pathogenetic mechanisms that lead to tissue ischemia in the AF localization zone is the persistent spasm of the internal anal sphincter [1, 4] .
The basis of the modern concept of pharmacotherapy AF [4, 6] is the use of drugs, such as calcium antagonists, nitrates, botulotoxin, whose action is aimed at eliminating the hypertonicity of the internal anal sphincter (IAS), which is the main factor in the chronicization of the pathological process [5, 7] .
Most of the drugs presented today in the pharmaceutical market of Ukraine [8, 9] for the treatment of this pathology contain the following composition of active substances: local anaesthetics, glucocorticoids, non-steroidal anti-inflammatory drugs (NSAIDs), heparin, phenylephrine, ihtiol, vegetable components, mainly in the combined form, less commonly monopreparations. However, their application provides only symptomatic effects aimed at eliminating the inflammatory and pain syndrome, the sense of itching and burning in the anorectal area, stopping the bleeding and stimulating reparative processes. In fact, none of these drugs has a pathogenic effect, which helps to eliminate, first of all, spasm of muscle tissue IAS.
Thus, the analysis of the modern range of medicines in the Ukrainian pharmaceutical market shows a complete lack of drugs, the composition and effect of which would correspond to new approaches to medical treatment of AF [4, 6] . Taking into account the above, the development and introduction into clinical practice of drugs of Ukrainian origin, which would be able to influence the main pathogenesis pathways and main clinical manifestations of AF, is one of the most urgent tasks of pharmacology and coloproctology.
Aim at research
Conducting screening studies on the efficacy of new test samples of rectal cream of compound composition (RCCC) on acute complicated AF models in rats and determining the optimal composition of a potential drug.
Materials and Methods
In the screening studies conducted in the spring (April) season in 2015, four RCCC test samples were used that were developed at "Institute for Single Crystals" of the National Academy of Sciences of Ukraine under the direction of doctor of pharmaceutical sciences, professor Lyapunov M. O.
RCCC test samples are white, homogeneous, odourless, opaque, containing active ingredients: diltiazem hydrochloride, lidocaine hydrochloride and methyluracil, but differ in their quantitative content. Data are given in Table 1 . The comparator preparation was rectal ointment "Proctozan" produced by Stada Arzneimittel AG, Germany (composition: 50 mg bufexamac, 50 mg bismuth subgallate, 50 mg titanium dioxide, 5 mg lidocaine hydrochloride) [8] .
The study of the effectiveness of these RCCC test samples was performed on 36 non-linear white rats in females weighing 200-240 g in the model of acute complicated AF [10] under conditions Pharmacology, Toxicology and Pharmaceutical Science of its modification [11] . Animals under novocaine anesthesia (0.1 mg of 0.5 % solution of novocaine hydrochloride) were injected into the submucosal membrane of the posterior wall of the anal canal in the area of skin transition in anoderm 0.1 ml of 2 % formalin solution. AF was modelled by a scalpel dissection of the mucous membrane on the back of the anal canal (at 6 o'clock under the conditional dial at the position of the rat on the back), forming a defect -a linear wound of 5×2×1 mm. All animals were divided into 6 experimental groups of 6 rats each. Group 1 -group of animals intact control; 2 -animals with non-treated AF (control pathology, CP); 3, 4, 5, 6 groups -animals with AF that were treated by RCCC No. 1, No. 2, No. 3, No. 4, respectively; group 7 -animals, who were treated with comparison ointment "Proctozan".
Treatment of rats began after 24 hours after AF recreation. The test samples and the comparator preparation were injected into the anal canal with an insulin syringe with a blunt needle in the amount of 0.3 ml once daily throughout the experiment (12 days). At day 12, rats were withdrawn from the experiment by decapitation under a light ethereal anaesthetic.
The effect of the studied RCCC samples and "Proctozan" ointment on the course of the pathology was evaluated daily by the following parameters: severity of edema, hyperaemia, local bleeding, purulent necrotic processes, formation of scab and anatomical defect. Evaluation of pathological changes for each of the listed indicators was carried out on a scale: 0 points -absent or weak changes; 1 point -moderately pronounced changes; 2 points -pronounced changes. The effectiveness of treatment was characterized by each individual indicator under study and by the general indicator of the severity of the pathological process -the sum of the scores for all the indicators that were analyzed.
At the end of the experiment, in the blood serum of rats, the level of the major prostaglandin E2 (PGE 2 ) [12] was determined by the enzyme-linked immunosorbent assay method of the General Prostaglandin E2 ELISA Kit (EIAab, Cat. N: E 0538 Ge, China) according to the instructions. The incubation was carried out on a thermostat shaker ImmunoChem-2200 (HTI, USA), and the optical density of the samples was determined using a microplate reader of ImmunoChem-2100 (HTI, USA). For comparison with the magnitude of the physiological norm, PGE 2 level was determined in intact animals (intact control, 6 rats).
The The statistical processing of the obtained results was carried out using parametric (Student's criterion) and non-parametric (Kruskal-Wallis criterion) methods of statistics. The level of significance p<0.05 [15] was adopted.
Results of researches
After simulating acute AF, the development of pathological process in animals from the CP group was characterized by a certain dynamics of clinical symptoms: edema, hyperaemia, local bleeding, and purulent necrotic processes.
Inflammation, evaluated for the severity of such clinical symptoms as swelling and hyperaemia, were maximum (2.00±0.00 points) from 1 to 10 days with a slight decrease over the last two days of the trial. Local bleeding occurred only on the first day and was present in a small number of animals (in two of six) at the end of the experiment (11 days). Manifestations of purulent necrotic process in untreated animals began with 4 days (0.67±0.21 points) and reached a maximum Pharmacology, Toxicology and Pharmaceutical Science of 9 and 10 days (1.67±0.33 points), indicating the probable accession of the infection and chronic pathological process (Fig. 1) . The expressiveness of the scab formation was variable: it marked its appearance from 4 to 6 days, the absence in the period of intensification of the development of purulent necrotic processes from 6 to 10 days and during the last two days, due to a decrease in necrosis of the mucous membrane of the anal canal in the affected area. The severity of the anatomical defect in animals from the CP group was maximal (2.00±0.00 points) from day 1 to day 9 of the experiment and slightly decreased (to 1.83±0.17 points) during the last three days of the experiment.
The general indicator of the severity of the pathological process was 8.00±0.00 points for the first day, decreased to a minimum value of 6.33±0.26 points for 2 and 3 days, followed by a maximum increase to 7.67±0.33 points at 9 day At day 12 of the experiment, the severity of the pathological process in untreated animals was quite significant at the level of 7.00±0.68 points out of 12.00 possible (Fig. 2) . Pharmacology, Toxicology and Pharmaceutical Science Comparative drug, "Proctozan" ointment, on the background of complicated acute AF showed a significant anti-swelling (1.17±0.17 points versus 2.00±0.00 points of CP) and antihyperemic effects, the maximum of which occurred at 3 days. Since 4 days, the therapeutic effectiveness of "Proctozan" ointment has decreased and during the period from 5 to 12 days of the experiment there was no difference in the overall indicator of the severity of the pathological process in relation to the CP group (Fig. 2) .
Two RCCC test samples, number 1 and number 4, starting from 5 days, demonstrated the ability to reduce the expressiveness of purulent necrotic processes and accelerated reparation. At day 7 of the experiment in single rats under the influence of RCCC No. 4, the beginning of epithelization was noted, and the first case of epithelization in animals treated with "Proctozan" ointment was recorded for only 10 days.
At 10-12 days, the severity of purulent-necrotic processes in some rats that received test specimens No. p=0.05) ). The reliable differences of the general indicator of the expressiveness of the pathological process for 6 days are established: 5.83±0.47 points versus 7.00±0.37; 7.83±0.31 under the influence of RCCC No. 2 and No. 3, respectively, and for 11 days (5.00±1.03 vs. 6.83±1.28 points (p=0.08) under the influence of RCCC No. 1).
Also, the effect of RCCC test samples on the level of PGE2 in blood serum of rats was evaluated. Data are given in Table 2 . Table 2 The content of PGE2 in blood serum of rats with acute anal fissures at 12 days of the experiment under the influence of RCCC test specimens (n=6)
Experimental group
The content of PGE2 in blood serum, pcg/ml The level of PGE2 in the blood serum of rats from the CP group at 12 days of the experiment was 2.1 times higher (p<0.05) higher than intact control. The content of PGE2 in blood serum of animals treated with RCCC No. 2 and No. 3 was also high (354.8±23.3 and 361.5±54.8), almost at the level of animals in the CP group. At the same time, there was a significant decrease in PGE2 to the level of intact control in rats treated with RCCC No. 1 and No. 4 (respectively, 75.8±13.4 and 245.0±60.1). "Proctozan" ointment contributed to reduce the level of PGE2 to intact control.
Discussion
It was established that the reproductive model of the acute complicated anal fissure in rats was characterized by the progressive dynamics of edema, hyperaemia, significant pronounced purulent necrotic processes, the formation of scab, and the formation of anatomical defect, which remained until the end of the experiment. Such dynamics of pathological changes in the control group of animals is probably related to the action of formalin, which causes the destruction of proteins and other cellular components and leads to necrosis of tissues [11] . The level of PGE 2 in blood serum from the CP group of rats, despite the individual cases of complete healing of the anatomical defect at day 12 of the experiment, remained significantly elevated by 2.1 times (p<0.05) compared with intact control. Two RCCC test samples, No. 1 and No. 4, starting from 5 days, demonstrated the ability to reduce the expressiveness of purulent necrotic processes and accelerated reparation. At day 7 of the experiment, under the influence of the RCCC sample number 4, epithelization was noted in one rat, and the first case of epithelization in animals treated with "Proctozan" ointment was recorded for only 10 days.
The expressiveness of purulent necrotic processes in some rats who received test specimens No. 1, No. 2, No. 3 and the comparison preparation, increased somewhat for 10-12 days, indicating the tendency to chronization of the process.
RCCC No. 4 showed the most expressive therapeutic effect and had credible advantages over RCCC No. 1, No. 2 and No. 3 for the inhibitory effect on purulent-necrotic processes on day 7 of the trial; on the severity of the anatomical defect (4 days), which was expressed by the differences in the overall indicator of the severity of the pathological process by 6 days, compared with RCCC No. 2, No. 3 and 11 days compared with RCCC No. 1.
The comparison drug "Proctozan", which was used in the experiment, made the most expressive anti-swelling and antihyperemic effects, with a maximum effect of 3 days. It had a significant anti-inflammatory effect and superiority to all the test samples tested, which in contrast to it practically did not affect the severity of inflammation. This fact, obviously, is related to the presence of "Proctozan" ointment, a buffer that acts according to the mechanism of action, is a typical NSAID [16] and distinguishes it from the test samples tested, which do not contain any components that exhibit would have a clear anti-inflammatory effect. Since 4 days, the therapeutic efficacy of the "Proctozan" ointment has decreased and during the period from 5 to 12 days of the experiment, there was no difference in the overall indicator of the severity of the pathological process in relation to the CP group. The explanation for such an action by the "Proctozan" ointment is more likely to be that all anti-inflammatory agents, reducing the severity of the changes that make up the nature of acute inflammation, eliminate its completion and inhibit the reparative processes [17, 18] , as well as those available in its composition does not reduce the tone of the internal anal sphincter muscles.
Given the important role of prostaglandins, in particular PGE 2 , in initiating and developing inflammation (redness, swelling, pain) accompanying the wound [12] , it was advisable to evaluate the effect of the tested RCCC samples on their blood serum level in rats.
The level of PGE 2 in the blood serum of rats from the CP group, despite the individual cases of complete healing of the anatomical defect at day 12 of the experiment, remained significantly elevated, which is probably due to the spraying of pronounced acute inflammatory changes to reparative processes that have already been activated. Such a character of the development of pathology is accompanied by excessive accumulation of connective tissue elements, a violation of epithelization and the formation of scar [19, 20] . Low levels of PGE 2 in blood serum of animals treated with "Proctozan" ointment were due to the presence of an anti-inflammatory agent, bufexamac, which could lower the level of PGE 2 [8] . However, it has been established that the "Proctozan" ointment was somewhat less effective compared to the RCCC sample No. 4 as a general indicator of the pathological process.
The content of PGE 2 in blood serum of animals treated with RCCC No. 2 and No. 3 was practically at the level of animals from the CP group, indicating that the pathological process was chronic. At the same time, there was a significant decrease in PGE 2 levels to the level of intact control in rats treated with RCCC No. 1 and No. 4, indicating attenuation of inflammation after 10 days of the experiment against the backdrop of positive dynamics of reparative processes.
Consequently, according to the results of screening studies, a perspective test for RCCC No. 4 was found to be the most effective in the acute complicated AF model. 
